Although the general morphologies of fresh mercurian and lunar craters are remarkably similar, comparisons of ejecta deposits, interior structures, and changes in morphology with size reveal important differences between the two populations of craters. The differences are attributable to the different gravity fields in which the craters were formed and have significant implications for the interpretation of cratering processes and their effects on all planetary bodies.
fresh craters appear to have lost their ray systems and dark halos, but they remain fresh in all other respects. The morphology of the outer rim units of the mercurian craters distinguishes them from their lunar counterparts. At earth-based resolution of the moon, which is comparable to the available resolution for most of the mercurian craters, the rims of lunar craters appear to consist of an inner hummocky facies that grades out into a radially ridged facies [e.g., Guest, 1973] ; these facies make up what is termed the continuous ejecta blanket and grade outwards into a zone of satellitic craters forming crater clusters and chains, interpreted as secondary impact craters and discontinuous ejecta deposits. On the mercurian craters the hummocky rim facies is welldeveloped but grades out over a relatively short distance through the radially ridged facies into a zone characterized by satellitic craters (Figure 2) . The areal density of craters in this outer region is very high and gives the impression that the surface is close to saturation [Gault, 1970] . For craters with diameters greater than approximately 150 kin, crater chains are extremely well developed to give long linear grooves (predominately radial to the crater) with crater form, scalloped rims; in some cases the grooves extend across the rim facies near the crater rim crest (Figure 3) , a phenomenon rarely seen on lunar craters. High-resolution pictures of the mercurian secondary crater fields reveal that the craters are less circular than normal primary impact craters and that the craters are often elongate with their long axis radial to the primary crater. The herringbone pattern and V-shaped features associated with lunar secondary craters [Guest and Murray, 1971 The sizes of mercurian craters in this progression of interior structures are systematically less than for lunar craters; quantitative values will be presented later.
CRATER SCALING
There is firm theoretical and experimental evidence that gravitational acceleration is an important parameter affecting the size of craters formed by either explosives or impact [Viktorov and Stepenov, 1960; Chabai, 1965 . Thus an important difference that must be anticipated to exist between mercurian and lunar craters, for which the Mariner 10 imagery cannot provide a basis for comparisons, consists of the effects of gravity on the dimensions of their respective excavation craters. Here, by definition, excavation crater is taken to mean the crater attained as the direct result of processes related to stress (shock) waves which set material in motion to form the crater, in contrast to the final crater, which is the excavation crater modified by postcratering processes unrelated to the passage of stress waves. Because expected differences in the excavation craters on the two bodies are significant to subsequent discussions, a brief qualitative discussion of crater scaling criteria is given in the following paragraphs. For a more rigorous treatment of variables and problems of crater scaling (although the discussion is concerned specifically with craters formed by explosives), the reader is referred to Chabai [1965] .
A simple approach to demonstrate the variations and applicable ranges of various scaling relationships is to consider the partition of energy for impact events; that is, we will consider how much and in what manner energy is expended during the formation of an excavation crater as a means of esfrom the crater, Ee; and seismic waves, Es [see Gault and Heitowit, 1963; Braslau, 1970] . Although the shock compressions produced by impact are adiabatic processes, the associated increases in internal energy of the compressed masses are not accomplished isentropically (entropy constant), and internal energy is trapped irreversibly as heat after release of stresses to ambient conditions. This energy is manifested in melting and/or vaporization of both the impacting and the impacted material. The fraction of KE converted to heat is a function of the materials and the impact velocity Vt and can be expressed here as 
In contrast, the minimum energy necessary to remove (eject) the excavated material from the crater is proportional to the product of the crater volume, some average height the volume must be raised to deposit the ejecta around the crater, and the gravitational acceleration. Because the height can be taken proportional to the diameter, the minimum ejection energy although (6) is appropriate for craters with less than a 10-m diameter formed in rock in the terrestrial gravitational environment [Gault, 1973] . For present purposes, however, (7) Taking the ratio Rc,/R•t for equal size craters, (9) and (10) yield mercurian ejecta deposits that are approximately 0.65 the width of lunar deposits. This reduced width of the mercurian deposits is qualitatively consistent with the relative values of the gravitational accelerations for the two bodies, but in order to make a more quantiative comparison, consider first two impact events that occur under identical conditions (i.e., material properties, impacting mass, impact velocity, etc.) with the exception that the gravity fields are different. Peak shock stresses and wave geometry will be identical for the two events, so that ejecta velocities, angles of ejection, fragment size distribution, etc., should also be identical. For this hypothetical condition the ballistic range Re• of ejecta reaching the limits of the continuous deposits of the maximum extent considered in Figure 9 (<100 km) is adequately described by the simple range equation for a flat surface. On this basis the ballistic range'is inversely proportional to the gravitation acceleration Re• oc l/g, and ejecta comprising the outer limit of the continuous now changed by increasing the size (KE) of the impacting body which impacts the surface with the higher value of gravitational acceleration. The relative wave geometry will remain the same and scale up directly with the size of the impacting body; the new excavation diameter De will increase according to (7), and the absolute position of the effective point of ejection of material from within the enlarged excavation crater will be moved radially outward. When the ratio Re/De is now formed by using • as the exponent for the scaling relationships in (6), (7) The maximum values of areal density for the secondary crater populations increase with decreasing diameter of the primary crater, but this is an apparent result caused by the arbitrary limitation invoked to limit the secondary crater counts to craters larger than 0.014D•. Thus the cutoff for Aristarchus and Tsiolkovsky occurs for craters of 0.5-km and 2.5-km diameter, respectively, and would correspond to a factor between l0 and 102 decrease in the relative crater population for the latter. Table 3 ). Figure 17 , where the progression with crater size from the occurrence of simple central peak to concentric ringed complexes is given for Mercury. In •' Estimated for photographic resolution and interpretation comparable to Mariner 10 imagery (see text).
An additional comparison of the interior structures is afforded by the results shown in
õ 140 km for the moon. 
CONCLUDING REMARKS
These comparisons between mereuriah and lunar impact craters, taken collectively, clearly indicate important differences in the two populations of craters. The differences are attributable to differences in the gravity fields, but whether or not they are the direct and sole effects of the gravitational environments cannot be determined. The degree of correlation that is obtained based on assuming only gravitative effects is more than adequate, however, to assure that gravitational acceleration has been the primary agent for the observed differences. Imagery for fresh craters formed in different gravity fields would be ideal for further studies, and although the other terrestrial bodies are unsuited for this purpose, possibly future photography of the satellites of the major planets will provide additional observational data.
Notwithstanding some reservations, it is interesting to consider further the depth-diameter data as applied to terrestrial craters. The kinks or changes in the depth-diameter relationships occur both on Mercury and on the moon for diameters slightly less than the beginning of the range of sizes over which terracing and central peaks become abundant. For Mercury the kink is between 5 and 10 kin; only 7% of the craters less than 10 km are terraced, but in contrast 80% of the 10-to 20-kin size class are terraced and peaked. In the case of the moon with its kink at about 15 kin, 12% of the 10-to 20-km size class a•:e terraced, and it is only for craters larger than 30-kin diameter that terraces and central peaks become common at the 80% level. Thus it appears that for crater sizes below the change in the depth-diameter relationship the crater geometry is determined by the excavation processes and depthdiameter ratios are effectively independent of gravity, consistent with laboratory impact cratering results [Gault and Wedekind, 1975] . For crater sizes above the change the excavation geometry is modified by postcratering collapse of the rim structure with a consequent increase in diameter and decrease in depth. Extrapolation of this interpretation to terrestrial craters formed in a gravitational field about 3 times greater than on Mercury leads to the expectation that a similar kink occurs for diameters 1-3 km on earth and is accompanied by terracing and central peaks. This expectation is in general agreement with known impact structures and implies that the relatively low relief of the larger terrestrial craters is the result of gravity-induced postcratering processes in addition to longtermed erosional effects. Some further support for the greater effects of gravity on earth is shown in Figure 9 , where three data points for the radial extent of the continuous ejecta deposits are compared with the mereuriah and lunar determinations. The terrestrial data are estimates from maps of Meteor Crater, Arizona [Shoemaker, 1963] The obliterating effect of ejecta from large basin-forming events at great distances from the point of impact has par-ticular significance for the moon and is emphasized by the measurements of the continuous deposits shown in Figure 9 . Although these data do not extend up to dimensions of the order of the Orientale and Imbrium events, the results nevertheless indicate that their continuous deposits would certainly be no greater than 0.25Dr. If Dr is defined by the outer ring for these basins, then the radial extents of the continuous deposits would be no greater than 200 or 300 km, respectively, from the arcs described by the Cordillera and Apennine mountains. If an inner ring is used as a reference value for Dr, the radial extents would be contained within these same arcs. Thus the margins of the continuous deposits for these basins are restricted to distances no greater than about 650 km from the center of the Orientale basin and about 900 km for Imbrium; secondary crater fields must extend beyond these distances, a conclusion that is consistent with and supports the argument of Oberbeck et al. [1974] that secondary cratering and the associated mixing of ejecta with local material occur at such distances rather than the deposition of a discrete layer of ejecta from the basin. On this basis the radial lineations described as lmbrium sculpture at distances of more than 1000 km from the outer ring cannot be part of a 'continuous' deposit. By analogy, the continuous deposits surrounding Caloris Planitia must have an even more restricted radial extent, and the greater portion of the circumscribing terrain represents the secondary crater field from Caloris. Because of almost identical gravitational fields, it seems reasonable that Caloris Planitia provides a remarkable analogu½ for the great basin Hellas on Mars before degradation to its current eroded state. Indeed, the fresh mercurian craters should be models for all martian impact craters; the absence of fresh structures and the degraded morphology of craters on Mars constitute mute evidence for the effectiveness of eolian erosion and deposition and indicate the inadequacy of martian craters for assessing morphologic characteristics of cratering processes.
